The composition of the cell walls of strains of Histoplasma capsulatum that were reactive in the complement-fixation test and that reacted with fluorescein-tagged specific anti-H. capsulatum serum were compared with the cell walls of H. capsulatum and Histoplasma duboisii that did not react in these serological tests. The cell walls of the serologically reactive strains of H. capsulatum were much more susceptible to the action of proteinases and to chitinase than were the serologically nonreactive strains, but were less susceptible to hydrolysis by 3% NaOH or 2 N H2SO4. The walls of the serologically reactive strains had higher chitin, amino acid, and hexosamine contents, but they were lower in a "lactic acid" component that was released by alkaline hydrolysis of the nonreactive strains. The cell walls of strains of H. duboisii were similar to the walls of the serologically nonreactive strains of H. capsulatum. Chemical analyses of the cell walls of the various strains clearly support the serological typing of H. capsulatum and H. duboisii strains reported by Kaufman and Blumer.
In a comparative study of the serological specificity of Histoplasma capsulatum fractions, Pine et al. (17) showed that the cell walls of two serologically reactive strains had a decreased reactivity with human anti-Blastomyces sera after treatment with trypsin and pepsin. AntiHistoplasma reactivity was maintained. Further treatment of the cell walls with acetic acid and NaOH, according to the procedure of Northcote and Home (15) , produced a "chitin" residue that had an increased reactivity and specificity with some anti-Histoplasma sera.
In the investigations reported here, the cell wall compositions of three strains of H. capsulatum, previously shown to be reactive with anti-Histoplasma sera, were compared with those of strains 6617 and 6621. These latter strains had little or no serological reactivity with specific fluorescein-treated anti-Histoplasma globulin (19) and no activity in the complement-fixation (CF) test (17) . Kaufman and Blumer (8) reported other strains that were serologically negative, and classified H. capsulatum into serotypes. Analyses of strains 6617 and 6621 by Kaufman and Blumer (personal communication) showed that these strains were of the serotype 1, 4 and, therefore, were closely related serologically to H. duboisii. For comparative purposes, we have analyzed quantitatively and qualitatively the amino acids and sugars of the cell walls of two strains of H. duboisii, two strains of H. capsulatum, serotype 1, 4, and three strains of H. capsulatum serotype 1, 2, 3.
MATERIALS AND METHODS
Cultures. H. capsulatum strains A 811, F 851, 6624, 6617, and 6621 and H. duboisii strains 828 and 2591 have been described by Pine et al. (18, 19) .
Preparation of cell walls. Casein hydrolysatecysteine-starch (CCS) medium (18) was used for liquid shake cultures; cells were collected, frozen and thawed, and treated sonically, and cell walls were collected by centrifugation at 37,500 X g, as described previously (17) . All crude cell wall preparations were stored as acetone powders in vacuum desiccators, and, after treatment with proteinases, these preparations were used for acid hydrolysis. For experiments on NaOH solubilities, the crude cell walls were digested with proteinases immediately after sonication and lyophilized; i.e., these preparations were not treated with acetone. Cell walls were treated with trypsin and pepsin (2) until there was no further increase in absorbancy of the supernatant fluids at 280 rn. They were washed in buffer until no PINE AND BOONE 24 hr in sealed tubes in boiling water, or with 2 N HCl for 7 hr. Sulfate was removed as BaSO4 (2) and HCl was removed by lyophilization over NaOH pellets. By adding water to the dried samples, the lyophilization was repeated several times to effect complete removal of the HCI. The determination of amino acids in 6 N HCI hydrolysates and most other chemical procedures have been described (16) . In addition, protein was determined with the FolinCiocalteau phenol reagent (23) Table 8 .
Locations and gross estimations (in fractions from Sephadex columns) of ninhydrin-reactive compounds and organic phosphate compounds were determined by placing 1 drop of each fraction on filter paper and then spraying with a 0.5% alcohol solution of ninhydrin or with the (NH4)2MoO4 reagent of Hanes and Isherwood (7). Feigl's spot test for lactic acid was used also (4).
To determine the solubility of cell walls in an alkaline solution, proteinase treated cell walls (200 mg) were suspended in 12 ml of 3% NaOH and heated in a boiling-water bath for 6 hr. The suspensions were centrifuged for 30 min at 35,000 X g; the supernatant solution was decanted and the residue was washed until neutral; and the "washings" were added to the original supernatant solution. The NaOH extract was dialyzed against 1 liter of distilled water for 24 hr at 5 C, and subsequently against two 1-liter volumes for 12 hr each. The cell wall residue and the material retained in the dialysis bag were lyophilized and each was increased to a volume of 10 ml with distilled water. Samples were taken for chemical and dry weight analyses and for determination of antigenic activity. The dry weight percentage of the material that was dialyzable was calculated by difference. The first two 1-liter dialysates of the NaOH extract were combined, neutralized with HCI, and, with the aid of air jets, evaporated to dryness in a 60 C water bath. The material was then increased to a total volume of 7 ml with distilled water. Portions of the NaOH-soluble dialysates were centrifuged to remove small amounts of precipitate and were fractionated on Sephadex G-10 columns.
Separations of the NaOH-soluble dialyzable fractions of the cell walls were done on a Sephadex G-10 column (22 by 260 mm) with a total volume of 120 ml and a void volume of 38 ml. Water was used as the solvent; the rate of flow was 1 drop every 12 sec, and 2-ml fractions were collected.
Treatment of cell walls with chitinase was based on the method of Kinsky (11) . The reaction mixture in the first experiment was: 0.1 M glutathione, to 0.1 ml; 0.005 M phosphate buffer (pH 6.8), to 1.0 ml; cell wall acetone powder suspension, 20 mg/ml to 1 ml; and chitinase solution, 5 mg/ml to 0.5 ml.
One drop of CC14 was added to inhibit bacterial growth. The suspensions, after incubation for 24 hr at 37 C, were centrifuged at 39,100 X g for one-half hr. The pellets were suspended in chitinase solution for an additional 18 hr. The suspensions were then centrifuged and the pellets were washed two times with water. The washings were added to the supernatant fraction. This solution, the residue, and a sample of the original cell suspension were analyzed for protein and carbohydrate. In a second experiment, the procedure essentially was the same, except that 20 mg of lyophilized purified cell walls was incubated for only 24 hr, and dry weight determinations were performed on the fractions. For all dry weight determinations, the samples were dried to constant weight at 70 C and the dry weight was determined on a semnimicro balance (-0.02 mg).
Serological methods. Fluorescent antibody stains were made according to the procedure of Kaufman and Kaplan (9) and observed according to the procedure of LaBrec et al. (14) . The CF test (20) was used with all samples adjusted to 5 mg (dry weight) per ml, unless otherwise specified. The @ 200 mg of acetone powder of cell walls was suspended in 9 ml of 0.1 M phosphate buffer, pH 7.4, and 1 ml of enzyme solution was added. Treatments with trypsin and pepsin and hydrolysis for 7 hr with H2S04 followed the procedure of Cummins and Harris (2) . Treatment with chitinase is described in Methods and Materials. After treatment, samples were withdrawn and centrifuged at 18,500 X g for 20 min. The precipitates were washed three times with distilled water.
Suitable samples were taken for antigenic analysis. In the determination of the effect of chitinase, the original supernatant fluid was saved also for antigenic evaluation. 20 mg of cell walls was treated with chitinase; 90 mg was used for acid hydrolysis.
tein, and the remaining strains were relatively resistant to the chitinase. In another experiment, dry weight measurements of cell walls were made before and after chitinase treatment. The serologically reactive group showed a loss of 67 to 80%, whereas strains 6617 and 6621 lost only 19 and 26%, respectively. When treated with sulfuric acid, only 60 to 67% of the weight of the cell walls from the serologically reactive group was digested; 92 to 94% was digested in the remaining strains.
Only the whole cells of the serologically reactive group reacted with the specific anti-Histoplasma tagged globulin ( Table 2) . After rupture by sonication, the cell walls of the strains of H. duboisii reacted with the specific anti-H. capsulatum adsorbed conjugate; they did not react after treatment with the proteinases. Further treatment of the cell walls with either sulfuric acid or chitinase destroyed the sites of specific reactivity in the reactive group, and the remaining residues reacted spontaneously with the normal labeled globulin and crude antiglobulin conjugates.
In the CF test, the crude washed cell walls of all strains showed a high reactivity with antiBlastomyces sera. Only the cell walls of the serologically reactive group (strains F851, A811, and 6624) reacted with anti-Histoplasma serum. Treatment of the cell walls of this group with trypsin and pepsin decreased their reactivity with anti-Blastomyces serum relative to their reactivity with anti-Histoplasma serum. Similar treatment of the cell walls of the remaining strains eliminated their reactivity with anti-Blastomyces serum (Table 3) . Cell wall residues obtained Carbohydrate composition ofproteinase-digested cell walls of Histoplasma strains. Quantitative and qualitative tests for carbohydrates were made on the 24-hr, 2 N H2S04 hydrolysates (Table 4 ). Paper electrophoresis experiments demonstrated no uronic acid in any hydrolysate. Of the sugars observed on the paper chromatograms, glucose was the major constituent, with small amounts of galactose and somewhat greater amounts of mannose. Hexosamine, as indicated by the relative size of the spot, was in much higher concentration in strains F851, A811, and 6624 than in the remaining strains. In the serologically reactive group, a much higher concentration of reducing sugars was observed than could be accounted for by the sum of glucose and hexosamine. Although definite spots denoting the presence of galactose were observed on the paper chromatograms, this sugar was not present in sufficient concentration in the hydrolysates to give a galactose determination. Mannose, as indicated by the chromatograms, was in a higher concentration than galactose, but apparently it was not in sufficient concentration, as surmised by observations of chromatograms, to account for the additional reducing sugar in the first group of strains. The serologically reactive group was characterized by having 16 to 30% glucose, 15 to 30% of an unknown reducing substance, and approximately 7% hexosamine released by the sulfuric acid hydrolysis. Strains 6617 and 6621 were essentially identical to the two strains of H. duboisii, with 63 to 75% glucose, 14 to 30% of an unknown reducing substance, and 3 to 4% hexosamine.
Differential analysis of yeast-phase cell wall polysaccharides by acid and alkaline digestion. a From 50 to 200 mg (dry wt) of trypsin-pepsin treated cell walls were hydrolyzed for 7 or 24 hr with 2 N H2SO4 in sealed tubes in a boiling-water bath. After hydrolysis, the suspensions were centrifuged for 20 min at 18,500 X g. The supernatant fraction was removed and the pellet was washed several times by suspension in water and recentrifugation. After the "washings" were added to the supernatant fraction, sulfate was removed by precipitation with Ba(OH)2, and suitable samples were taken for analyses.
Based on the results of Northcote and Horne (15), Kessler and Nickerson (10) , and Kobayashi and Guiliacci (12) , it appeared that differentiation of cell wall polysaccharides could be made on the basis of NaOH solubilities.
Initial experiments showed that pretreatment of the trypsin-pepsin digested cell walls with 2 N H2SO4 increased the solubility of a polysaccharide in sodium hydroxide. This component was now hydrolyzed readily by 2 N HCI. Using a 7-hr hydrolysis, glucose, mannose, galactose, and hexosamine were released from the cell walls of the serologically reactive group, whereas only glucose and hexosamine were observed from the remaining nonreactive strains of H. capsulatum and from H. duboisii. Contrary to the results obtained in the 24-hr hydrolysis, the analysis of the products of the 7-hr hydrolysis (Table 4) showed complete equivalence between reducing sugar and the sum of glucose and hexosamine for virtually all of the strains. The products of the 7-hr hydrolysis did not distinguish any of the three major groups of strains. Although acid hydrolysis for 24 hr served to hydrolyze only an additional 3 to 10% of the dry weight of the cell wall of the H. capsulatum strains (Table 5) , this additional hydrolysis was reflected as an increase of 15 to 30% of the reducing compounds released (Table 4) . When the residues obtained after the 7-hr sulfuric acid digestion were subjected to a sodium hydroxide extraction, 8 to 21% of the cell walls of all the strains tested (with an overall average of approximately 15%) was released as nondialyzable polymer (Table 5) . Acid hydrolysis of this polymer showed the presence of only glucose and hexosamine. It is probable that this polymer, common to all strains in the amount of approximately 15%, was composed of glucose and N-acetyl hexosamine. After deacylation as a result of hydroxide treatment, it was hydrolyzed by acid to glucose and hexosamine.
On the basis of the NaOH-insoluble residue obtained after acid treatment, the strains could be differentiated again into three groups. The serologically reactive group had 18 to 22%C of their cell walls as NaOH-insoluble residue; H. capsulatum strains 6617 and 6621 had 3 to 4%; and the H. duboisii strains had 5 to 11 % ( Table   5) .
Differentiation of serologically reactive and nonreactive strains of H. capsulatum by direct solubility of cell walls in 3% NaOH. The five strains of H. capsulatum were compared on the basis of the solubility of their cell walls in dilute sodium hydroxide. Concomitantly, comparisons of the fractions obtained were made by their organic phosphorous content. From 42 to 44% of the cell wall material from the serologically reactive group was insoluble in 3% NaOH; only 21 to 30% of the cell wall was insoluble from a nonreactive strain. Of the cell wall material of all strains, 6 to 12°% of the dry weight was solubilized, but nondialyzable; the antigenic strains had 44 to 49% which was dialyzable, whereas the nonantigenic strains had 62 to 68 % dialyzable components. The total organic phosphorous found in the purified cell wall was approximately 0.1% for the five strains of H. capsulatum. Approximately 97 to 98% of the organic phosphorous observed in the three fractions was dialyzable.
The serological properties of two nondialyzable fractions, alkali-insoluble and alkali-soluble, were compared (Table 6 ). The NaOH-insoluble residues of both the serologically reactive and nonreactive strains were relatively specific CF antigens, and no longer reflected the differences in complement-fixing ability shown by the purified cell walls. Determinations of the reactivity of the NaOH-insoluble residues with crude and specific fluorescein-tagged immunoglobulin showed that the fractions from all these strains reacted with the crude conjugate, but that only the serologically reactive strains reacted with the specific labeled antiglobulin. No strain reacted with normal tagged globulin. In testing a second specific anti-H. capsulatum tagged globulin, a much decreased activity was observed, but the qualitative results were the same.
The alkali-soluble nondialyzable fractions ob- tained from all the strains either were inactive or showed a high reactivity with anti-Blastomyces dermititidis serum; there were no significant differences in these fractions between the two groups of H. capsulatum strains.
The chemical compositions of the NaOHsoluble fractions were compared ( Table 7) . Chromatograms of the sugars obtained with 2 N HCI hydrolysates of the NaOH-soluble nondialyzable fraction were essentially identical to chromatograms obtained by 2 N H2SO4 hydrolysis of the whole cell walls. Analyses of the NaOHsoluble, nondialyzable fractions of the two groups of H. capsulatum strains showed no significant differences (Table 7) . This fraction was characterized by a reducing component of which only 50 to 60% was accounted for by the sum of nonamino sugar plus amino sugar. This fraction was also low in amino acids.
NaOH-soluble dialyzable fractions, when acid hydrolyzed and chromatographed, showed the presence of glucose, hexosamine, and an unknown component that had a high RF value in both phenol and butanol-pyridine solvents. The apparent concentration of this component on the chromatograms was high in the extracts of strains 6617 and 6621, but it was just detectable from the extracts of the remaining strains. The unknown compound was believed to be lactic acid because of its RF. When tested for lactic acid, the extracts of strains 6617 and 6621 gave very strong positive reactions, whereas the extracts of strains F851, A811, and 6624 gave negative or weakly positive reactions.
The NaOH-soluble dialysates were generally characterized by a high nonamino sugar content In attempts to determine the presence of the lactic acid in ether extracts, significant amounts of fatty material were also extracted. The lactic acid component was only released from the cell walls by NaOH treatment, and was not destroyed by autoclaving in 2 N H2S04 for 30 min. It had the same relative RF as lactic acid on paper chromatograms using the phenol-water solvent, and also the same mobility in Sephadex G-10;
it was ether-extractable only at acid pH. Therefore, the dialyzable fraction, which appeared to reflect a major difference between the serologically reactive and nonreactive strains, consisted of a mixture of products from the alkaline hydrolysis of a lipoprotein-polysaccharide complex of the cell wall.
The sodium hydroxide-extracted cell wall residues were not completely hydrolyzed by the treatment with 2 N HCI for 18 hr. Analyses of the solubilized products (Table 7) showed no significant differences between the strains. The residues, as reflected by the soluble products released by acid treatment, were similar in composition to the NaOH-soluble nondialyzable fractions, but had a much greater hexosamine content.
DISCUSSION
In work described in a previous publication (17) lactic acid compound. The nonreactive groups had opposite characteristics from all of the above. From the practical application of identifying cultures, the above data do not help in the identification of H. duboisii; one must still rely on observation of the duboisii form (19) . It is obvious from the results obtained with sodium hydroxide treatment that the cell wall of the yeast phases of both antigenic and nonantigenic strains is a complex moiety containing lipid, carbohydrate, protein, and phosphate as a menstruum integrated into a chitinous framework. Two recently published papers (3, 12) are pertinent to the consideration of the chemical composition of the yeast-phase cell wall. Kobayashi and Guiliacci (12) obtained three fractions by alkaline extraction. Glucose was the only sugar observed, and the data obtained by glucose oxidase determinations could not account for all the reducing sugar found in the acid hydrolysates. Domer, Hamilton, and Harkin (3) reported the results of comparative cell wall analyses of the mycelia and yeast phases, but these workers used the ethylenediamine extraction procedure of Korn and Northcote (13) to separate the wall into diverse fractions. Chitinase treatment of unextracted cell walls released 8 to 10% of the dry weight as glucose. Mannose was observed at approximately 1 to 2%. Our results were in agreement with the results of both groups of investigators. From the percentage of glucose determined in the cell walls by the above investigators, it is evident each group was working with a serologically reactive strain.
The quantitative data relative to the carbohydrate contents of both acid and alkaline extracts show the presence of greater amounts of reducing components than can be accounted for as glucose and hexosamine. An unknown reducing compound was observed in the acid hydrolysates of the NaOH-soluble dialyzable fractions. This component had a mobility in both carbohydrate solvents somewhat greater than that observed for 2-deoxytalose or rhamnose.
These same extracts had a greater amount of a nonamino carbohydrate than of the known reducing carbohydrates. Similarly, the sodium hydroxide-soluble dialyzable extracts, particularly those of strains 6617 and 6621, gave qualitative spot tests and quantitative tests for lactic acid. At present, there is no evidence that the unknown reducing substance was related to this single lactic acid compound, or that the compound was indeed lactic acid. Positive lactic acid tests were not observed directly with purified cell walls or with ether extracts taken from dilute acid (0.8 N H2SO4) suspensions of the cell walls. After treatment of the purified cell walls with NaOH, however, a positive lactic acid test was obtained; the reacting compound was extractable at low pH into ether. The test for lactic acid is a test for acetaldehyde released by the action of sulfuric acid. Therefore, the "lactic acid compound" may be only a decomposition product due to sodium hydroxide treatment of the cell wall.
Our results showed a significant difference in the amount of cell wall protein of the various groups. Although the protein present in the cell wall conceivably may contribute to the qualitative differences observed in antigenicity, such qualitative antigenic differences could be due also to dissimilar polysaccharide linkages. This is suggested by the difference in reactions of the serologically reactive and nonreactive groups with chitinase and 2 N H2SO4.
